The aim of this study is analyzed in detail for better understanding of energy and power of an aero-engine. In this regard, this study presents energy equations were applied to the turbofan engine components. The engine has a thrust range of 82 to 109 kN. It consists of fan, axial low pressure compressor (LPC), axial high pressure compressor (HPC), an annular combustion chamber, high-pressure turbine (HPT) and low pressure turbine (LPT). The results show that power of the engine flow approaches a maximum value to be 82.85 MW in the combustor outlet, while minimum power is observed at LPC inlet with the value of 1.37 MW. Furthermore, important parameters of the engine are also analyzed from reverse-engineering method. It is expected that results of this study will be beneficial of power, cogeneration and aero-propulsive generation systems in similar environment.
Introduction
Air travel is growing wit average of among all modes 5% to 6% per year. If this situation in air travel continues, world air traffic volume may increase five-fold to as much as twenty-fold by 2050 compared to the 1990 level and account for roughly two thirds of global passenger-miles traveled [1] - [3] . Current estimates show that global air traffic volume is growing so fast that total aviation fuel consumption and environmental effect will continue to grow despite future improvements in propulsion systems and airframe technologies [2] - [4] .
In aviation, engine fuel consumption and aircraft impacts on the environment are two important areas of research. From an environmental perspective, using energy with high efficiency reduces pollutant emissions and harm to ecological systems. For a given output, less fuel is needed when efficiency increases and less waste is released. These benefits lead to increased life times for energy resources and greater sustainability. Turbofan engines, in particular, have led to significant improvements in noise, fuel consumption, thrust and engine size [1] [2]. Historic trends in improving efficiency levels show that aircraft entering today's fleet are around 80% more fuel efficient than the increasingly high bypass ratios [5] - [7] . Other way to propulsion system improvement is to increase turbine inlet temperature [8] . Therefore energy consumption plays a crucial importance role to achieve sustainable development [9] [10] .
Through a literature review, it is noticed that there is no work to be studied about power system calculation for a PW6000 turbofan engine in the open literatures. In this paper, the detailed power analysis of PW6000 turbofan engine has been performed. In this analysis, energy flows have been calculated at engine component stations.
System Description
An illustrated diagram, station numbering and main component of the PW6000 turbofan engine is shown in Figure 1 . It consist of fan, axial low pressure compressor (LPC), axial high pressure compressor (HPC), an annular combustion chamber, high-pressure turbine (HPT) and low pressure turbine (LPT). It has 106 kN thrust force, 4.8 bypass ratio and 26.6 total pressure ratio. For the engine, the intake air mass flow rate of 290 kg/s, about 50 kg/s is taken into core of engine and about 15 kg/s air is burned along with 1.11 kg/s fuel in the combustion process.
The fuel presently used in most civil aircraft is JET-A1 (kerosene), although similar other fuels are sometimes used. In this paper, kerosene is modeled as C 12 H 23 [11] [12] which has a specific chemical exergy of 43.1 MJ/kg. The specific fuel consumption (SFC) at the maximum power is 10.67 g/(kN•s). Thermal efficiency of the engine at for the tested engine parameters is 0.45. The maximum take-off thrust is 106 kN.
Parametric Study for Power Analysis
Thermodynamic first-law analysis is energy-based approach in thermal systems. It is based on the principle of conservation of energy applied to the system. For a general steady state, steady-flow process, the four balance equations (mass, energy, entropy) are applied to find the work and heat interactions, the rate of irreversibility, the energy and power efficiencies [9] [10] [13] [14] .
In the schematic diagram of the high bypass turbofan engine given in Figure 1 , the bypass ratio is defined as 
where c γ is the specific heat ratio for core stream and I η is the inlet isentropic efficiency. 
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High Pressure Compressor (HPC)
Similarly, both the high pressure compressor pressure ratio ( ) 
Combustion Chamber (CC)
The temperature at the end of the combustion process is generally known. The maximum temperature in the cycle, which is frequently identified as the turbine inlet temperature occurs here. The pressure at the end of combustion depends on the pressure drop in the combustion process itself. It may be expressed as [15] :
High and Low Pressure Turbine (HPT and LPT)
HPT and LPT drive HPC and fan, respectively. The energy balance for these spools per unit air mass flow rate is given by following relations [14] :
Exhaust Nozzle (EN)
A nozzle isentropic efficiency of ( ) 
Fan Nozzle (FN)
The fan nozzle is also checked to determine whether choked or unchoked. Thus, the critical pressure is calcu-lated from the relation [15] : 
The thrust of the turbofan engine is obtained by momentum of the burned gases. Thrust can be expressed as follows:
where f is the fuel-air ratio, V is the velocity, A is the area.
Results and Conclusions
The relations given in this section are applied to the engine along with its components given in Figure 1 and following, which includes energy definitions from [16] . In gas turbine engines, a part of compressed air is extracted to use for ancillary purposes, such as cooling, sealing and thrust balancing. Temperature values at inlet and outlet for the fan, HPC, combustor, HPT, LPT are given in Figure 2 . Figure  3 also illustrates the pressure distribution of the fan, HPC, combustor, HPT, LPT at maximum power. In this study the cooling airflow is neglected since it doesn't have meaningful effect on exergy and sustainability analyses. In this study, the assumptions made are listed below: 1) The air and combustion gas flows in the engine are assumed to behave ideally; 2) The combustion reaction is complete; 3) Compressors and turbines are assumed to be adiabatic; 4) Ambient temperature and pressure values are 288.15 K and 101.35 kPa, respectively; 5) The energy analyses are performed for the lower heating value (LHV) of kerosene (JET A1) which is accepted as 42,800 kJ/kg (h) engine accessories, pumps (fuel, oil and hydraulic) are not included in the analysis. Combustion balance equation is calculated by following equation, 
Finally, Figure 4 also shows the energy flows at the inlet and outlet for the fan, HPC, combustor, HPT, LPT at The results should provide a realistic and meaningful in the thermodynamics first law evaluation of PW6000 turbofan engine, which may be useful in the analysis of similar propulsion systems as cogeneration and power system. A first law of thermodynamics can help improve the environmental performance of the aero derivative engine, and consequently should be considered in future assessments.
